The objectives of this work were to investigate the relationships between characteristics of small non-community drinking water systems (SDWSs) and the performance of these systems with respect to Escherichia coli testing and risk ratings. Ontario-wide SDWS data were analysed using regression models with outcomes of (1) having an adverse E. coli test result in the 12 months prior to the last inspection and (2) the SDWS risk rating (high/medium vs. low risk) that is assigned by public health inspectors. Almost 34% (2,364/7,003) of SDWSs did not utilize treatment, more commonly for ground water than surface supplies (P < 0.001). The odds of having a positive E. coli test result were greater in systems using ground water with treatment (OR ¼ 2.00; 95% CI 1.23-3.24) and surface water with treatment (OR ¼ 1.97; 95% CI 1.05-3.71) compared to ground water with no treatment. The odds of having a water system rated high or medium compared to low risk was greater if the water system operated seasonally (OR ¼ 1.36; 95% CI 1.17-1.59), had an adverse E. coli test result (OR ¼ 1.66; 95% CI 1.09-2.53), and in specific facility types. This research helps to inform existing training opportunities available to SDWS operators in Ontario, and to better standardize the SDWS risk assessment process. Key words | drinking water, public health, public health inspection, risk assessment, small drinking water system, water quality ABBREVIATIONS MOE Ministry of the Environment MOHLTC Ministry of Health and Long-Term Care OR Odds ratio PHI Public health inspector SDWS Small non-community drinking water systems UV Ultraviolet (Table 1). SDWSs under the oversight of the MOHLTC are the focus of this study. A systematic review of SDWSs in Canada and the United States found that 293 outbreaks occurred from 998
INTRODUCTION
Small non-community drinking water systems (SDWSs) provide water to an estimated 15% of the population in Canada (Moffatt & Struck ) . SDWSs are defined as non-municipal and non-community water systems used by a business or premise to provide drinking water to the public, such as water systems serving rural restaurants, hotels, and campgrounds. In Ontario, responsibility for drinking water regulation is shared among the Ontario Ministry of the (Walkerton Clean Water Centre ). The objectives of this work were to investigate the relationships between characteristics of SDWSs in Ontario, and the performance of these systems with respect to whether an adverse Escherichia coli test had been reported, and whether the system had been rated as a high or medium risk (compared to low risk), according to criteria developed by the MOHLTC.
METHODS

Data source
We obtained de-identified Ontario-wide SDWS data from the MOHLTC on system characteristics and risk assessment ratings. In Ontario, SDWSs are regulated under Ontario 7, 196) were classified as high risk. A crossed random effects approach was used for this model because the data set did not have a strictly hierarchal data structure (Raudenbush ; Rasbash & Goldstein ) . That is, SDWSs were cross-classified by local public health agency jurisdiction and postal code (since postal codes do not follow health agency geographic areas, and a single postal code may be located in more than one health agency). The crossed random-effects model included three levels of variation:
water system (level 1), postal code (level 2), and local public health agency (level 3).
For the E. coli model, seven predictor variables were assessed for significance in univariable analyses: completion of formal operator training defined as any previous coursebased training (yes/no); whether the water system operated year round (yes/no); the water source type; premise type;
water treatment type; regional location of health agency jur- The proportion of variance in the outcome due to postal code and health unit was calculated using the following for-
(2)
RESULTS
Water system characteristics
The data set obtained from the MOHLTC included 7,730
SDWSs; 400 (5.1%) of these were removed because they were not given a risk rating and another 134 (1.7%) because an associated postal code could not be found. Therefore, a total of 7,196 SDWSs were included in data analysis.
The distribution of water source by treatment type is shown in Figure 1 . 
Univariable analyses
A surface water supply had higher odds of using treatment when compared to ground water supplies (OR ¼ 10.0; 95% CI 7.1-12.5; P < 0.001). Data pertaining to water system characteristics stratified by premise type are shown in Other water source was not further specified. Health unit and postal code variables were modelled as random effects in order to take into account the multi-level structure of the data ( 
CONCLUSION
This research has provided a detailed description of the characteristics of SDWSs in Ontario, Canada. We found that the number of formally-trained water operators was low, as was the number of water systems that used water treatment. Additionally, we found that water treatment, as it was used in SDWSs in Ontario, may not be sufficient to reduce the risk of positive E. coli test results.
Furthermore, SDWSs that have had a positive E. coli water result were more likely to be from specific premise types, and those that operated seasonally were more likely to be ranked as high or medium risk than low risk. Hence, this research has highlighted opportunities for targeting water operator training to specific groups of SDWS operators based on the premise type, water source and treatment level in order to increase water protection measures, and future data collection needs in these water systems by PHIs. Further research is needed to fully understand the relationship between adverse E. coli water tests and water treatment, including examining types of water treatment, surrounding land uses, and the distribution system.
